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© Burst signal transmitter. 



© A power amplifier (3) amplifies a modulated car- 
rier signal comprising an amplitude modulation com- 
ponent and a phase modulation component to gen- 
erate the transmission signal. Part of the transmis- 
sion signal is extracted by the monitor circuit (4). 
The detection signal detected by the envelope 'de- 
tector (6) is compared with the burst control signal 
by the differential amplifier (7). The resulting error 
signal is input to the gain control terminal (31) of the 
power amplifier (3) through the sample-hold circuit 
(8), thus forming a feed-back loop. The sample-hold 
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circuit (8) outputs the sample signal during the trans- 
mission signal ramping-up and ramping-down 
periods, thus effectively turning the feed-back loop 
to an ON state to control transmission signal 
ramping-up and ramping-down. The sample-hold cir- 
cuit (8) outputs the hold signal during the modulated 
data transmission period, effectively turning the 
feed-back loop OFF. As a result, a burst transmis- 
sion output with a stable transmission power level 
can be obtained. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a transmitter 
for radio communications equipments which use a 
digital modulation system, such as US digital cel- 
lular system, having an amplitude modulation com- 
ponent and a phase modulation component for the 
purpose of supplying a stable burst-state transmis- 
sion output. 

2. Description of the Prior Art 

Conventional radio communications equip- 
ments of this type generally use frequency modula- 
tion. One of the most typical examples of this 
conventional system is found in analog cellular 
telephone systems. 

The transmitter in such frequency modulation 
radio communications equipments uses a feed- 
back loop to control the transmitter output. In this 
feed-back loop, a detector detects part of the trans- 
mitter output signal, which is amplified by a power 
amplifier, the detected signal is compared with a 
reference voltage signal by a differential - amplifier, 
and a gain control terminal is controlled according 
to the resulting error signal. However, while this 
feed-back loop control system is effective with fre- 
quency modulation systems in which an amplitude 
modulation component is not used, it cannot be 
used in digital modulation systems using both am- 
plitude and phase modulation components. The 
feed-back loop functions to track and cancel the 
amplitude modulation component of the transmitter 
output signal, and is known to distort the modu- 
lated output signal. In addition, if the time constant 
of the feed-back loop is increased so that the 
amplitude modulation component is not tracked, a 
burst-state transmission signal that ramps up/down 
at high speed cannot be obtained. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is 
to provide a sample hold circuit in the feed-back 
loop of the transmitter output control sequence to 
switch the feed-back loop on/off and thereby obtain 
a stable burst-state transmitter output. 

To achieve this object, a burst signal transmit- 
ter according to the preferred embodiment of the 
invention comprises a modulator for generating a 
modulation carrier signal, and generating during the 
burst ramp-up period a signal for use as a constant 
envelope; a power amplifier comprising a gain con- 
trol terminal, and obtaining the transmission signal 
by amplifying the input modulation carrier signal; a. 
monitor circuit for extracting part of the transmis- 



sion signal from the power amplifier as the monitor 
signal; a detector for obtaining the detection signal 
by envelope detection of the monitor signal; burst 
control circuits for generating the burst control sig- 

5 nal and sample-hold signal; a differential amplifier 
for comparing the burst control signal and detec- 
tion signal to output the difference voltage; and a 
sample-hold circuit for sampling and holding the 
difference voltage according to the sample-hold 

w signal, and controlling the gain control terminal of 
the power amplifier by the output from the sample- 
hold circuit. 

In further preferred embodiments, the effects of 
jitter at the start of the ramp-down period resulting 
75 when the sample-hold circuit shifts from the hold 
state to the sample state can be reduced by con- 
trolling a second gain control terminal in the power 
amplifier, or by controlling a multiplier positioned 
after the sample-hold circuit. 

20 

BRIEF DESCRIPTION OF THE DRAWI NGS 

These and other objects and features of the 
present invention will become clear from the follow- 
25 ing description taken in conjunction with the pre- 
ferred embodiments thereof with reference to the 
accompanying drawings throughout which like 
parts are designated by like reference numerals, 
and in which: 

30 Fig. 1 is a block diagram of a transmitter ac- 
cording to the first embodiment of the present 
invention, 

Fig. 2 is a timing chart of the transmitter shown 
in Fig. 1 , 

35 Fig. 3 is a block diagram of a transmitter ac- 
cording to the second embodiment of the 
present invention, 

Fig. 4 is a timing chart of the transmitter shown 
in Fig. 3, 

40 Fig. 5 is a block diagram of a transmitter ac- 
cording to the third embodiment of the present 
invention, 

Fig. 6 is a timing chart of the transmitter shown 
in Fig. 5, 

45 Fig. 7 is a block diagram of the multiplier used 
in the transmitter of Fig. 5; 
Fig. 8 is a block diagram of a transmitter ac- 
cording to the fourth embodiment of the present 
invention, 

so Fig. 9 is a timing chart of the transmitter shown 
in Fig. 8, and 

Fig. 10 is a block diagram of the multiplier used 
in the transmitter of Fig. 8. 

55 DESCRIPTION OF PREFERRED EMBODIMENTS 

The preferred embodiments of the present in- 
vention are described hereinbelow with reference 



3 



EP 0 535 669 A1 



4 



to the accompanying figures, of which Figs. 1 and 
2 are a block diagram and a timing chart of a 
transmitter according to the first embodiment, re- 
spectively. 

Referring to Fig. 1, a burst signal transmitter 
according to the first embodiment of the invention 
comprises: a base band generator 1 for generating 
a modulation base band signals (I, Q); a modulator 
2 for generating a modulation carrier signal based 
on, for example, a QPSK modulation system; a 
power amplifier 3 comprising first and second am- 
plifiers 3a and 3b and a gain control terminal 31 of 
the second amplifier 3b, and producing the trans- 
mission signal by amplifying the modulated carrier 
signal; a monitor circuit 4 for extracting part of the 
transmission signal from the power amplifier 3 as 
the monitor signal; a transmission signal output 
terminal 5; an envelope detector 6 for obtaining 
and outputting the detection signal Vdet by en- 
velope detection of the monitor signal output from 
the monitor circuit 4; a differential amplifier 7 for 
comparing the detection signal Vdet with a burst 
control signal Vcont to output a error signal; a 
sample-hold circuit 8 having a switch 81 and a 
capacitor 82 for sampling and holding the error 
signal according to the sample-hold signal, and 
producing a gain control signal which is applied to 
the gain control terminal 31 of the amplifier 3b; a 
timing controller 9 for generating a trigger signal 
which controls the start and end of signal transmis- 
sion; and a burst control circuit 10, for generating 
the burst control signal Vcont and sample-hold 
signal. The burst control circuit 10 has first and 
second counters 1001 and 1002 activated by the 
trigger signal, a ROM 1003 carrying a predeter- 
mined rising (ramping-up) and falling (ramping- 
down) patterns for the burst control signal, a digital- 
to-analog converter 1004, and a low pass filter 
1005 for removing the clock pulses. 

The first counter 1001 is provided for making 
the sample-hold signal such that, in response to 
the leading edge of the trigger signal, a first pre- 
determined time t0-t1, shown in Fig. 2, is counted 
so that the sample-hold signal is changed from 
LOW to HIGH level at time t1, and then in re- 
sponse to the trailing edge of the trigger signal, the 
sample-hold signal is changed from HIGH to LOW 
level. The sample-hold signal is applied to the 
switch 81 for turning on and off the switch 81 when 
the sample-hold signal is in LOW and HIGH levels, 
respectively. 

The second counter 1002, ROM 1003, D/A 
converter 1004 and low pass filter 1005 are pro- 
vided for making the burst control signal such that, 
in response to the leading edge of the trigger 
signal, a first predetermined time t0-t1 is counted 
so that during which the ROM 1003 reads gradually 
increasing data to form the ramping-up pattern and, 



in response to the trailing edge of the trigger 
signal, a second predetermined time t2-t3 is count- 
ed so that during which the ROM 1003 reads 
gradually decreasing data to form the ramping- 
5 down pattern. 

The operation of the transmitter shown in Fig. 1 
is described below with reference to the timing 
chart shown in Fig. 2. In Fig. 2, the period KM1 is 
the transmission signal ramping-up period, t1-t2 is 
10 the modulated data transmission period, and t2-t3 
is the transmission signal ramping-down period. 
The transmission starting time tO and the transmis- 
sion ending time t2 are provided by the leading 
edge and trailing edge of the trigger signal from 
75 the timing controller 9. 

In operation, it is assumed that the burst signal 
transmitter of the present invention is applied to the 
US digital cellular system, and that a digital audio 
signal, such as a digital voice signal, is transmitted. 
20 The detail of the US digital cellular system is 
disclosed in "COMMITTEE LETTER BALLOT TR- 
45.3 DIGITAL CELLULAR SYSTEM" PN-2759 
DUAL MODE BASE STATION COMPATIBILITY 
STANDARD (REVISION OF IS-54A) by TELECOM- 
25 MUNICATIONS INDUSTRY ASSOCIATION and is- 
sued September 25, 1991. which is physically in- 
corporated herein by reference. The digital audio 
signal is previously compressed and is transmitted 
in segments. Each segment continues, for exam- 
30 pie, 7 milliseconds determined by the holding pe- 
riod of the sample-hold signal, and the neighboring 
segments are spaced, for example, 13 millisec- 
onds. 

First, the operation during the transmission sig- 
35 nal ramping-up period t0-tl is described. During 
this period, switch 81 in the sample-hold circuit 8 is 
maintained close, and at the same time, the modu- 
lated carrier signal output from the modulator 1 is a 
constant envelope signal having no audio signal 
40 carried therein. The modulated carrier signal is 
amplified by the power amplifier 3 and input to the 
output monitor circuit 4. The monitor circuit 4 trans- 
mits most (e.g., 99%) of the amplified signal to the 
transmission signal output terminal 5 as the trans- 
45 mitter output, and captures a part (e.g., 1%) of the 
amplified signal output for use as a monitor signal. 

The monitor signal is envelope detected by the 
envelope detector 6, and the result is output as the 
detection signal Vdet. The detection signal Vdet is 
50 compared with the burst control signal output from 
the burst control circuit 10 by the differential am- 
plifier 7, and the result is output as the error signal. 

The error signal is input to the sample-hold 
circuit 8 in which the switch 81 is on. Thus, the 
55 error signal is directly applied to the gain control 
terminal 31 of the power amplifier 3 as the gain 
control signal. Thus, during period t0-t1, a feed- 
back loop is formed to cause the amplitude of the 
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amplified signal from power amplifier 3 substan- 
tially equal to the amplitude of the burst control 
signal. Since the burst control signal, the pattern of 
which is previously stored in ROM 1003, is in a 
form of a smooth ramp-up signal (such as a Han- 
ning function signal), the amplified signal also be- 
comes in a form of a smooth ramp-up characteris- 
tic. 

Then, at time t1, when the ramp-up of the 
amplified signal reaches a predetermined level, the 
sample-hold signal changes from a sample signal 
to a hold signal. Thus, the switch 81 in the sample- 
hold circuit 8 closes to holds the difference voltage 
(signal) in a capacitor 82 at that moment and 
breaks the feed-back loop. 

During the next period t1-t2 (a modulated data 
transmission period), the sample-hold signal is a 
hold signal to maintain the switch 81 open, causing 
the voltage of the gain control terminal 31 to be 
held constant and the gain of the power amplifier 3 
to be constant, resulting in the average power level 
of the amplified signal to be a constantly stable 
value relative to the voltage after ramp-up of the 
burst control signal. During this period t1-t2, the 
digital audio signal is transmitted. It is possible to 
change the amplified signal power by changing the 
ramped-up voltage of the burst control signal. 

In response to the trailing edge of the trigger 
signal, the modulated data transmission period 
ends at time t2. Thus, the sample-hold signal is 
again changed to the sample signal to close the 
switch 81 to reestablish the feed-back loop again. 

During the next period t2-t3 (a transmission 
signal ramping-down period), the operation of the 
burst signal transmitter is essentially the reverse of 
that during the transmission signal ramping-up pe- 
riod t0-t1 . This period t2-t3 is initiated by the trail- 
ing .edge of the trigger signal and ends when 
second counter 1002 counts a second predeter- 
mined time equal to a period t2-t3. During this 
period, switch 81 in the sample-hold circuit 8 is 
returned to the close position, and at the same 
time, the modulated carrier signal output from the 
modulator 1 is a constant envelope signal having 
no digital audio signal carried therein. Thus, the 
amplified signal drops on a smooth curve in accor- 
dance with the signal pattern stored in ROM 1003. 

As described hereinabove, the sample-hold cir- 
cuit 8 of the first embodiment effectively turns the 
feed-back loop on and off, making it possible to 
stabilize the average power level of the output 
signal during burst transmissions in modulation 
systems with amplitude modulation. The resulting 
burst-state transmission output signal has smooth 
ramp-up/down characteristics and does not pro- 
duce extraneous interference waves (noise signals) 
in the frequency domain. 



Figs. 3 and 4 are a block diagram and a timing 
chart of a transmitter according to the second 
embodiment of the invention, respectively. 

According to the second embodiment, the first 
5 counter 1001 makes the sample-hold signal such 
that, in response to the leading edge of the trigger 
signal, a predetermined time KM1, shown in Fig. 4, 
is counted so that the sample-hold signal is 
changed from LOW to HIGH level at time t1, and 

w then in response to the trailing edge of the trigger 
signal, a predetermined time t2-tb is counted so 
that the sample-hold signal is changed from HIGH 
to LOW level at time tb. 

The second counter 1002, ROM 1003, D/A 

75 converter 1004 and low pass filter 1005 are pro- 
vided for making the first burst control signal such 
that, in response to the leading edge of the trigger 
signal, a predetermined time tO-ta is counted and a 
following predetermined time ta-t1 is counted so 

20 that during which time ta-t1 the ROM 1003 reads 
gradually increasing data to form the ramping-up 
pattern and, in response to the trailing edge of the 
trigger signal, a predetermined time t2-tb is count- 
ed and a following predetermined time tb-t3 is 

25 counted so that during which time tb-t3 the ROM 
1003 reads gradually decreasing data to form the 
ramping-down pattern. 

According to the second embodiment, the 
burst control circuit 10 further has a third counter 

30 1006, a ROM 1007, a D/A converter 1008 and a 
low pass filter 1009, which are for making the 
second burst control signal. In response to the 
leading edge of the trigger signal, a predetermined 
time tO-ta is counted so that during which the ROM 

35 1006 reads gradually increasing data to form the 
ramping-up pattern and, in response to the trailing 
edge of the trigger signal, a predetermined time t2- 
tb is counted so that during which time t2-tb the 
ROM 1006 reads gradually decreasing data to form 

40 the ramping-down pattern. 

The operation of the transmitter shown in Fig. 3 
is described below with reference to the timing 
chart shown in Fig. 4. In Fig. 4, the period t0-t1 is 
the transmission signal ramping-up period, t1-t2 is 

45 the modulated data transmission period, and t2-t3 
is the transmission signal ramping-down period. 

Operation during the transmission signal 
ramping-up period (tO-tl ) is first explained. During 
this period, the modulated carrier signal output 

50 from the modulator 2 is a constant envelope signal 
without any digital audio signal carried. The modu- 
lated carrier signal is amplified by the power am- 
plifier 3 and input to the output monitor circuit 4. 
The monitor circuit 4 supplies the amplified signal 

55 to the transmission signal output terminal 5 as the 
transmitter output, and raptures part of the trans- 
mission output for use as a monitor signal. 
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The monitor signal is envelope detected by the 
envelope detector 6, and the result is output as the 
detection signal Vdet. This detection signal Vdet is 
compared with the first burst control signal outpul 
from the burst control circuits 10 by the differential 
amplifier 7, and the result is output as the error 
signal. 

The error signal is input to the sample-hold 
circuit 8 in which the switch 81 is on. Thus, the 
error signal is directly applied to the gain control 
terminal 31 of the amplifier 3. Thus, during period 
t0-t1, a feed-back loop is formed. 

During the first half tO-ta of the transmission 
signal ramping-up period tO-tl . the second burst 
control signal output from the burst control circuits 
10 rises smoothly. As a result, the amplification 
rate of the first amplifier 3a is gradually increased 
so that the amplified signal also rises slowly as 
controlled by the second burst control signal. 

Then, during the second half ta-t1 of the trans- 
mission signal ramping-up period tO-tl . the first 
burst control signal ramps up smoothly. As a result, 
the amplified signal is feed-back and is controlled 
according to the first burst control signal. There- 
fore, the amplified signal rises gradually in the first 
half tO-ta by the second burst control signal and in 
:the second half ta-t1 by the first burst control 
signal smoothly. 

Then, at time t1, when the ramp-up of the 
amplified signal reaches a predetermined level, the 
sample-hold signal changes from a sample signal 
to a hold signal. Thus, the switch 81 in the sample- 
hold circuit 8 closes to holds the difference voltage 
(signal) in a capacitor 82 at that moment and 
breaks the feed-back loop. 

During the next period t1-t2 (a modulated data 
transmission period), the sample-hold signal . is a 
hold signal to maintain the switch 81 open, causing 
the voltage of the gain control terminal 31 to be 
held constant and the gain of the power amplifier 3 
to be constant, resulting in the average power level 
of the amplified signal to be a constantly stable 
value relative to the voltage after ramp-up of the 
burst control signal. During this period t1-t2, the 
digital audio signal is transmitted. It is possible to 
change the amplified signal power by changing the 
ramped-up voltage of the burst control signal. 

During the first half t2-tb of the transmission 
signal ramping-down period t2-t3, the second burst 
control signal ramps down smoothly so that the 
amplification rate of amplifier 3a is gradually re- 
duced. The sample-hold signal is still output as a 
hold signal, and the sample-hold circuit 8 therefore 
remains in a hold state. 

During the second half lb-t3 of the transmission 
signal ramping-down period t2-t3, the sample-hold 
signal is changed to the sample signal, and the 
feed-back loop Ms again formed. The first burst 



control signal is ramped down during this period, 
and the amplified signal therefore drops further. 

The dynamic range of amplified signal ramp- 
up/down control can be greatly increased by this 
5 process, enabling more precise control of amplified 
signal characteristics. Furthermore, when the am- 
plified signal level is changed, the operating state 
of the feed-back control sequence can be held 
constant to enable stable control irrespective of the 
70 amplified signal level by changing the amount of 
control by the second burst control signal. In addi- 
tion, the amplified signal ramp-down sequence is 
first controlled by an open loop dependent upon 
the second burst control signal, and the sample- 
rs hold circuit 8 is changed from the hold to the 
sample state at a sufficiently low amplified signal 
level. As a result, the effects of jitter created when 
the sample-hold circuit 8 changes from a hold to a 
sample state can be reduced. 
20 Figs. 5 and 6 are a block diagram and a timing 

chart of a transmitter according to the third em- 
bodiment of the invention, respectively. 

The third embodiment differs from the first with 
the addition of a multiplier 11. The multiplier 11 
25 multiplies the output from the sample-hold circuit 8 
with the burst ramping-down control signal output 
from the burst control circuits 10, and supplies the 
product signal, which is a multiplied gain control 
signal, to the gain control terminal 31 of the power 
30 amplifier 3. 

According to the third embodiment, the first 
counter 1001 makes the sample-hold signal such 
that, in response to the leading edge of the trigger 
signal, a predetermined time t0-t1, shown in Fig. 4, 
35 is counted so that the sample-hold signal is 
changed from LOW to HIGH level at time t1, and 
then in response to the trailing edge of the trigger 
signal, a predetermined time t2-t3 is counted so 
that the sample-hold signal is changed from HIGH 
40 to LOW level at time t3. 

The second counter 1002, ROM 1003, D/A 
converter 1004 and low pass filter 1005 are pro- 
vided for making the burst control signal such that, 
in response to the leading edge of the trigger 
45 signal, a predetermined time t0-t1 is counted so 
that during which time tO-tl the ROM 1003 reads 
gradually increasing data to form the ramping-up 
pattern and, in response to the trailing edge of the 
trigger signal, a predetermined time t2-t3 is count- 
so ed so that during which time t2-t3 the ROM 1003 
reads gradually decreasing data to form the 
ramping-down pattern. 

According to the third embodiment, the burst 
control circuit 10 further has a counter 1014, a 
55 ROM 1015, a D/A converter 1016 and a low pass 
filter 1017, which are for making a burst ramping- 
down signal. In response to the leading edge of the 
trigger signal, ROM 1015 reads a step-up signal at 
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time tO and, in response to the trailing edge of the 
trigger signal, a predetermined time t2-t3 is count- 
ed so that during which time t2-t3 the ROM 1015 
reads gradually decreasing data to form the 
ramping-down pattern. 

The operation of the transmitter shown in Fig. 5 
is described below with reference to the timing 
chart shown in Fig. 6. In Fig. 6, the period t0-t1 is 
the transmission signal ramping-up period, t1-t2 is 
the modulated data transmission period, and t2-t3 
is the transmission signal ramping-down period. 

Operation during the transmission signal 
ramping-up period t0-t1 is first described. During 
this period, the modulated carrier signal output 
from the modulator 2 is a constant envelope signal 
without any digital audio signal. The modulated 
carrier signal is amplified by the power amplifier 3 
and input to the output monitor circuit 4. The 
monitor circuit 4 supplies the amplified signal to 
the transmission signal output terminal 5 as the 
transmitter output, and captures part of the trans- 
mission output for use as a monitor signal. 

The monitor signal is envelope detected by the 
envelope detector 6, and the result is output as the 
detection signal Vdet. The detection signal Vdet is 
compared with the burst control signal output from 
the burst control circuit 10 by the differential am- 
plifier 7, and the result is output as the error signal. 

The error signal is input to the sample-hold 
circuit 8, and is output therefrom because the 
switch 81 is on at this time. 

The multiplier 11 multiplies the output from the 
sample-hold circuit 8 by the burst ramping-down 
signal. The output of the sample-hold circuit 8 is 
output directly at this time because the value of the 
burst ramping-down signal is + 1. 

The output of the multiplier 11 is input to the 
gain control terminal 31 of the power amplifier 3 to 
form a feed-back loop. 

The amplified signal is feed-back controlled 
according to the burst control signal and results in 
a smooth ramp-up of the output because the burst 
control signal has a smooth ramp-up characteristic 
(e.g., such as a Hanning function signal). By chang- 
ing the sample-hold signal from a sample signal to 
a hold signal when the ramp-up of the amplified 
signal has peaked (t1), the sample-hold circuit 8 
holds the difference voltage (signal) and breaks the 
feed-back loop. 

During the following modulated data transmis- 
sion period t1-t2, the sample-hold signal is a hold 
signal and the burst ramping-down signal value 
remains + i, causing the voltage of the gain control 
terminal 31 to be held constant and the gain of the 
power amplifier 3 to be constant, resulting in the 
average power level of the amplified signal to be a 
constantly stable value relative to the voltage after 
ramp-up of the burst control signal. It follows that 



the amplified signal power can be changed by 
changing the ramped-up voltage of the burst con- 
trol signal. 

During the following transmission signal 

5 ramping-down period t2-t3 the burst ramping-down 
signal drops on a smooth curve. The sample-hold 
signal is output as a hold signal, and the sample- 
hold circuit 8 therefore remains in a hold state. The 
multiplier 1 1 output therefore drops smoothly, and 

10 the amplified signal also drops as controlled by the 
multiplier 1 1 output signal. 

With the third embodiment of a burst signal 
transmitter, it is not necessary to consider jitter 
caused by the sample-hold circuit 8 changing from 

75 a hold state to a sample signal, and the amplified 
signal will ramp down according to a stable, 
smooth curve. 

Fig. 7 is a block diagram of one example of the 
multiplier 1 1 used in the third embodiment. 

20 As shown in Fig. 7, the multiplier 11 comprises 

a D/A converter 1101 for performing digital mul- 
tiplication operations, a low-pass filter (LPF) 1102 
for removing the reference clock from the D/A 
converter 1101 output, and a reference voltage 

25 terminal 1103 for receiving the held error signal 
from the sample-hold circuit 8. 

The operation of the multiplier 11 is described 
below. 

The held error signal from the sample-hold 

30 circuit 8 is input to the reference voltage terminal 
1103 of the D/A converter 1101. The D/A converter 
1101 is controlled by the digital burst ramping- 
down signal to perform a digital multiplication op- 
eration. By filtering the D/A converter 1101 output 

35 with a LPF 1102, the reference clock can be re- 
moved from the multiplier 1 1 output. This construc- 
tion can thus provide a more stable multiplying 
operation than can be achieved with an analog 
multiplier, resulting in an extremely stable burst 

40 ramping-down signal. 

Fig. 8 is a block diagram of a transmitter ac- 
cording to the fourth embodiment of the invention. 

The fourth embodiment differs from the first 
with the addition of a multiplier 12 that multiplies 

45 the burst control signal by a modulation envelope 
signal output from an envelope generator 1018 in 
the burst control circuits 10 to generate the multi- 
plied burst control signal Vcont input to the dif- 
ferential amplifier 7. The envelope generator 1018 

so receives the modulation base band signals (I, Q) 
and calculates and produces (l 2 + Q 2 )> as the modu- 
lation envelope signal. 

According to the fourth embodiment, the 
modulator 2 does not need to supply a constant 

55 envelope signal as the modulated carrier signal 
during the transmission signal ramping-up period 
(t0-t1). As a result, there is a greater degree of 
freedom allowed in the modulator 2 design, making 
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it much easier to realize the modulator 2 and 
overall design. 

The operation of the transmitter shown in Fig. 8 
is described below with reference to the timing 
chart shown in Fig. 9. In Fig. 9, the period tO-11 is 
the transmission signal ramping-up period, t1-t2 is 
the modulated data transmission period, and t2-t3 
is the transmission signal ramping-down period. 

Operation during the transmission signal 
ramping-up period t0-t1 is first described. During 
this period, the modulated carrier signal output 
from the modulator 2 is a constant envelope signal 
without any digital audio signal. The modulated 
carrier signal is amplified by the power amplifier 3 
and input to the output monitor circuit 4. The 
monitor circuit 4 supplies the amplified signal to 
the transmission signal output terminal 5 as the 
transmitter output, and captures part of the trans- 
mission output for use as a monitor signal. 

The monitor signal is envelope detected by the 
envelope detector 6, and the result is output as the 
detection signal Vdet. The detection signal Vdet is 
compared with a modified burst control . signal 
Vcont by the differential amplifier 7, and the result 
is output as the error signal. In this embodiment, 
the multiplied burst control signal Vcont is pro- 
duced from multiplier 12 and is obtained by mul- 
tiplying the burst control signal by the modulation 
envelope signal. In this embodiment, the burst con- 
trol signal and the sample-hold signal are the same 
as those of the first embodiment as described 
above in connection with Fig. 2. 

The error signal is input to the sample-hold 
circuit 8, and is output therefrom because the 
switch 81 is on at this time. 

The amplified signal is feed-back controlled 
according to the modified burst control signal and 
results in a ramp-up of the modulated carrier signal 
with the digital audio signal carried thereon, be- 
cause the modified burst control signal carries the 
digital audio signal component. By changing the 
sample-hold signal from a sample signal to a hold 
signal at time t1, the sample-hold circuit 8 holds 
the difference voltage (signal) and breaks the feed- 
back loop. 

During the following modulated data transmis- 
sion period t1-t2, the sample-hold signal is a hold 
signal, causing the voltage of the gain control ter- 
minal 31 to be held constant and the gain of the 
power amplifier 3 to be constant, resulting in the 
average power level of the amplified signal to be a 
constantly stable value relative to the voltage after 
ramp-up of the burst control signal. It follows that 
the amplified signal power can be changed by 
changing the ramped-up voltage of the burst con- 
trol signal. 

During the following transmission signal 
ramping-down period t2-t3 the modified burst con- 



trol signal drops relatively to the burst control sig- 
nal. The sample-hold signal is output as a hold 
signal, and the sample-hold circuit 8 therefore re- 
mains in a hold state. 

5 By the fourth embodiment, during the transmis- 

sion signal ramping-up period t1-t2, it is not neces- 
sary for the modulator 2 to produce a modulated 
carrier signal without the digital audio signal, be- 
cause at time t1, the modified burst control signal 

w and the detection signal Vdet will have the same 
amplitude. Thus, by the fourth embodiment, the 
base band generator 1 and the modulator 2 can be 
formed wit a high freedom in the design. 

Fig. 10 is a block diagram of the multiplier 12 

75 used in the transmitter of the fourth embodiment of 
the present invention. 

As shown in Fig. 10, the multiplier 12 com- 
prises a D/A converter 1201 for performing digital 
multiplication operations, a low-pass filter 1202 for 

20 removing the reference clock from the D/A con- 
verter 1201 output, and a reference voltage termi- 
nal 1203 for the D/A converter 1201. 

The operation of the multiplier 12 thus com- 
prised is described below. 

25 The modulation envelope signal from the burst 

control circuits 6 is input to the reference voltage 
terminal 1203 of the D/A converter 1201. The D/A 
converter 1201 is controlled by the digital burst 
control signal to perform a digital multiplication 

30 operation. By filtering the D/A converter 1201 out- 
put with a LPF 1202, the reference clock can be 
removed from the multiplier 12 output. This con- 
struction can thus provide a more stable multiply- 
ing operation than can be achieved with an analog 

35 multiplier, resulting in extremely stable burst con- 
trol. 

It is to be noted that the multiplier 12, as well 
as the envelope generator 1018, can be provided in 
any one of the preceding embodiments. 

40 The invention being thus described, it will be 

obvious that the same may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 

45 vious to one skilled in the art are intended to be 
included within the scope of the following claims. 

Claims 

so 1. A transmitter comprising: 

a modulator (2) for generating a modula- 
tion carrier signal, and generating during the 
burst ramp-up period a signal for use as a 
constant envelope; 

55 a power amplifier (3), comprising a gain 

control terminal, for amplifying said modulation 
carrier signal and producing an amplified trans- 
mission signal; 
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a monitor circuit (4) for extracting a part of 
said amplified transmission signal; 

an envelope detector (6) for obtaining an 
envelope detection signal of the monitor signal; 

first burst control signal generator (1002, 5 
1003, 1004, 1005) for generating a first burst 
control signal; 

a differential amplifier (7) for comparing 
said first burst control signal and said envelope 
detection signal, and producing a error signal w 
indicative of a difference between said first 
burst control signal and said envelope detec- 
tion signal; 

a sample-hold signal generator (1001) for 
generating a sample-hold signal; and 75 

a sample-hold circuit (8) for sampling and 
holding said error signal according to the 
sample-hold signal to produce a gain control 
signal which is applied to said gain control 
terminal of the power amplifier. 20 

2. A transmitter according to Claim 1, further 
comprising a second burst control signal, gen- 
erator (1006, 1007, 1008, 1009) for generating 

a second burst control signal, and wherein said 25 
power amplifier comprises a first amplifier (3b) 
having said gain control terminal for receiving 
said gain control signal; and a second amplifier 
(3a) having a gain control terminal for receiving 
said second burst control signal. 30 

3. A transmitter according to Claim 1, further 
comprising: 

a burst ramping-down signal generator 
(1014, 1015, 1016, 1017) for generating a burst 35 
ramping-down signal; and 

a multiplier (11) provided between said 
sample-hold circuit (8) and said power am- 
plifier (3) for multiplying said gain control sig- 
nal from sample-hold circuit by said burst 40 
ramping-down control signal to produce a mul- 
tiplied gain control signal. 

4. A transmitter according to Claim 3, wherein 

said multiplier (11) comprises a digital-to-ana- 45 
log converter (1101) and a filter (1102), said 
digital-to-analog converter (1101) receives the 
gain control signal from said sample-hold cir- 
cuit as a reference voltage and converts said 
burst ramping-down control signal in a digital 50 
form to an amplified analog signal. 

5. A transmitter comprising: 

a modulator (2) for generating a modula- 
tion carrier signal; 55 

a power amplifier (3), comprising a gain 
control terminal, for amplifying said modulation 
carrier signal and producing an amplified trans- 



mission signal; 

a monitor circuit (4) for extracting a part of 
said amplified transmission signal; 

an envelope detector (6) for obtaining an 
envelope detection signal of the monitor signal; 

a first burst control signal generator (1002, 
1003, 1004, 1005) for generating a first burst 
control signal; 

a modulation envelope signal generator 
(1018) for producing a modulation envelope 
signal; 

a multiplier (12) for multiplying said burst 
control signal by said modulation envelope sig- 
nal to produce a multiplied burst control signal 

a differential amplifier (7) for comparing 
said multiplied burst control signal and said 
envelope detection signal, and producing a er- 
ror signal indicative of a difference between 
said multiplied burst control signal and said 
envelope detection signal; 

a sample-hold signal generator (1001) for 
generating a sample-hold signal; and 

a sample-hold circuit (8) for sampling and 
holding said error signal according to the 
sample-hold signal to produce a gain control 
signal which is applied to said gain control 
terminal of the power amplifier. 

6. A transmitter according to Claim 5, wherein 
said multiplier (12) comprises a digital-to-ana- 
log converter (1201) and a filter (1202), said 
digital-to-analog converter (1201) receives the 
modulation envelope signal as a reference volt- 
age and converts said burst control signal in a 
digital form to an amplified analog signal. 
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Fig. 2 
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Fig. 4 
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Fig. 6 
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Fig. 9 
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